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Abstract 

 

Silver nanoparticles (AgNPs) were synthesized using Mimosa pudica L. leaf extract as a reducing and stabilizing agent. AgNP yield 

was maximized using central composite design (CCD) based on response surface methodology (RSM). An AgNO3 concentration of 

3.06 mM, 732 µL extract volume, a 616 W microwave power level, and a 2.35 min reaction time were optimal conditions. Extract 

volume showed the highest impact on synthesis (F-value: 795.57), followed by microwave power (F-value: 168.84), reaction time (F-

value: 51.38), and AgNO3 concentration (F-value: 49.72). UV-Vis spectrophotometry (UV-Vis) was used to characterize the 

synthesized AgNPs. A surface plasmon resonance (SPR) peak at 428 nm was observed. It was found from diffuse reflectance 

spectroscopy (DRS) that the bandgap is 2.34 eV. Fourier transform infrared spectroscopy (FTIR) confirmed the presence of functional 

groups of plant metabolites that served as capping and reducing agents. Spherical nanoparticles with an average diameter of 7.39±2.37 

nm were observed under transmission electron microscopy (TEM). XRD analysis confirmed the face-centered cubic crystalline 

structure of AgNPs. EDX was employed to study the elemental composition. Synthesized AgNPs were assessed as a photocatalyst for 

methylene blue degradation under solar light irradiation. A 79.07% conversion was achieved under optimized conditions. Kinetic 

studies revealed that the degradation of methylene blue followed a pseudo-second-order model with a rate constant of 0.0929 mg-1 L 

min-1 and R2 of 0.9990. This green synthesis is a viable, sustainable, and cost-effective way to prepare AgNPs with good photocatalytic 

properties. 
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1. Introduction 

     

Water pollution is a serious global environmental problem caused by emissions of industrial effluents containing synthetic dyes 

and dangerous chemicals such as heavy metals, pesticides, and fertilizers [1, 2].  The complex aromatic molecular structures of these 

pollutants make them stable in the environment and they are poorly biodegradable [3-6]. Methylene blue (MB), is a common cationic 

dye used in textiles, chemical indicators, and the pharmaceutical industry. It can badly damage the environment even at low 

concentrations through its capability to decrease light penetration and reduce dissolved oxygen levels, thereby greatly harming aquatic 

ecosystems [7-9]. 

Numerous treatment processes have been designed to mitigate dye pollution through adsorption, chemical oxidation, catalytic 

reduction, and photocatalysis [10, 11].  Recent advances in nanotechnology have enabled development of environmentally friendly 

solutions through the synthesis of noble metal nanoparticles with precisely controlled shapes and sizes [12, 13]. Of these, silver 

nanoparticles (AgNPs) have attracted special attention because of their high photocatalytic activity, surface plasmon resonance 

properties, and their capability to generate reactive oxygen species upon illumination [14, 15].  Use of AgNP-containing membranes 

span diverse industries such as food processing, cosmetics, textile manufacturing, and catalytic reactions [16]. 

However, conventional chemical synthesis involves great risk to the environment, while green synthesis using plant extracts is a 

more environmentally friendly approach [17, 18]. Mimosa pudica L. can be used in these types of solutions [19]. Various bioactive 

compounds such as alkaloids, phenols, flavonoids, tannins, and terpenoids [20-22] present in the plant can effectively reduce metal 

ions and stabilize nanoparticles [23, 24]. 

Synthesis of AgNPs and dye degradation involves many parameters such as concentration of reactants, pH, temperature, and 

reaction time [25]. Understanding the complex interaction amongst all these factors in the real world is infeasible with traditional one-

factor-at-a-time optimization approaches [26]. Response surface methodology (RSM) is a powerful statistical tool for simultaneously 

optimizing multiple variables in both synthesis and degradation processes [27, 28]. 



160                                                                                                                                                  Engineering and Applied Science Research 2025;52(2) 

In particular, using Mimosa pudica L. extract for synthesis of AgNPs and optimization of both synthesis and photocatalytic activity 

has not been comprehensively reported. In this work, a model and optimization of the green synthesis of AgNPs and the subsequent 

photodegradation of MB under solar light using RSM are first reported in the current study. Characteristics of the synthesized AgNPs 

were investigated using UV visible spectrophotometry (UV-Vis), diffuse reflectance spectroscopy (DRS), transmission electron 

microscopy (TEM), Fourier transform infrared spectroscopy (FTIR), X-ray diffraction (XRD) and energy dispersive X-ray 

spectroscopy (EDX) analyses. The photocatalytic efficiency of the synthesized AgNPs was determined from the degradation of MB at 

an optimized dye concentration, catalyst volume, and reaction time under natural sunlight conditions. This was done to determine the 

efficiency of the synthesized AgNPs in degrading MB. 

 

2. Materials and methods 

 

2.1 Materials and chemicals  

 

Silver nitrate (AgNO3) was purchased from Fisher Chemical, UK. Methylene blue (C16H18ClN3S) was obtained from Quality 

Reagent Chemical, New Zealand. Mimosa pudica L. leaves were collected around Khon Kaen University, Nong Khai Campus, 

Thailand. All solutions were prepared with deionized water (DI). 

 

2.2 Preparation of Mimosa pudica L. leaf extract  

 

Mimosa pudica L. leaves were washed with tap water to remove contaminants. The leaves were dried at room temperature under 

ambient and shaded conditions. Fine powders (<2 mm) were obtained from the mechanically ground and sieved material (room 

temperature and shade dried) passing a No. 10 sieve. These powders were stored in a plastic bag at ambient temperature. 10 grams of 

powder was mixed with 200 mL of DI water. After that, the mixture was heated in a microwave oven at 300 W for 2 min. Then, it was 

filtered through Whatman No.1 filter paper. The filtrate solution was allowed to cool to room temperature. It was then stored at 4 °C 

for further analysis. 

 

2.3 Green synthesis and optimization of AgNPs using Mimosa pudica L. by RSM 

 

AgNPs were synthesized using AgNO3 as a precursor with Mimosa pudica L. leaf extract as a reducing agent. Four parameters, 

AgNO3 concentration (A), the volume of the plant extract (B), microwave power (C), and time (D) were examined as controlling 

factors. A range of leaf extract volumes (100-1000 µL) was mixed with 10 mL of AgNO3 (1-5 mM). The mixtures were then 

microwave-heated at various power levels (100-800 W) for varying times (1-3 min). The solutions were made up to 50 mL with DI 

water in a volumetric flask after standing at room temperature for 1 hour. UV-Vis spectroscopy was done over the 300-800 nm range 

and confirmed the formation of AgNPs, as the solution color changed from light yellow to brownish red. Experimental values, as well 

as coded variables and study levels, are presented in Table 1. The second-order polynomial employed is shown as Equation 1. The 

optimized process was done using Design-Expert Version 13 (trial version) software for CCD with 30 runs (Table 2). 

 

𝑌 = 𝛽0 + 𝛽1𝐴 + 𝛽2𝐵 + 𝛽3𝐶 + 𝛽4𝐷 + 𝛽12𝐴𝐵 + 𝛽13𝐴𝐶 + 𝛽14𝐴𝐷 + 𝛽23𝐵𝐶 + 𝛽24𝐵𝐷 + 𝛽34𝐶𝐷 + 𝛽11𝐴2 + 𝛽22𝐵2 + 𝛽33𝐶2 + 𝛽44𝐷2                                                                                                     
 

(1) 

 

where 𝑌 is the predicted response, and 𝛽0 is the regression coefficient. 𝛽1, 𝛽2, 𝛽3, and 𝛽4 are linear coefficients. 𝛽12, 𝛽13, 𝛽14, 𝛽23, 

𝛽24 , and 𝛽34  are interaction coefficients. 𝛽11 , 𝛽22 , 𝛽33 , and 𝛽44  are quadratic coefficients. 𝐴 , 𝐵 , 𝐶 , and 𝐷  represent AgNO3 

concentration, extract volume, microwave power, and reaction time, respectively. 

An F-test and correlation coefficient (R2) were employed to assess the statistical significance and reliability of the fitted model. 

The model predictions were validated by comparing observed and predicted values of the synthesized AgNPs [26, 27, 29]. 

 

2.4 Characterization of optimized AgNPs using Mimosa pudica L. 

 

Absorbance measurements were made using a UV-Visible spectrophotometer (Model UV-1900i, Shimadzu, Japan). A Tauc plot 

[30] was employed to estimate the band energy of AgNPs using the DRS spectra. Identification of the functional groups of AgNPs was 

done using a TENSOR 27 FTIR spectrometer (Bruker, USA). Characterization of the synthesized AgNPs examined their chemical 

composition, particle dimensions, and external surface using transmission electron microscopy (TEM) and energy dispersive 

spectroscopy (EDX) (TECNAI G2 20; FEI, USA). The crystallography of AgNPs was determined with an EMPYREAN X-ray 

diffractometer (Bruker USA). 

 

Table 1 Independent variables, factors, and coded levels for the synthesis of AgNPs 

 

Independent variable Factors 
Coded levels 

-α -1 0 1 +α 

AgNO3 concentration (mM) A 1 2 3 4 5 

Extract volume (µL) B 100 325 550 775 1000 

Microwave power (W) C 100 275 450 625 800 

Reaction time (min) D 1.0 1.5 2.0 2.5 3.0 
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Table 2 Central composite design with RSM for synthesis of AgNPs 

 
 Variables in coded levels  Synthesis of AgNPs 

Run A B C D  Predicted Actual 

1 4 775 625 1.5  1.584 1.589 

2 3 550 800 2.0  1.423 1.376 

3 4 775 275 1.5  1.363 1.338 

4 2 775 625 1.5  1.462 1.498 

5 2 325 625 2.5  0.984 1.020 

6 3 550 450 2.0  1.230 1.307 

7 3 550 450 3.0  1.368 1.388 

8 4 775 275 2.5  1.551 1.488 

9 3 550 450 2.0  1.371 1.307 

10 3 100 450 2.0  0.435 0.419 

11 3 550 100 2.0  0.773 0.829 

12 2 325 625 1.5  0.828 0.869 

13 4 325 625 2.5  1.056 1.067 

14 3 1000 450 2.0  1.580 1.606 

15 2 775 625 2.5  1.580 1.543 

16 3 550 450 2.0  1.339 1.307 

17 3 550 450 2.0  1.311 1.307 

18 3 550 450 2.0  1.250 1.307 

19 2 325 275 1.5  0.437 0.432 

20 5 550 450 2.0  1.277 1.317 

21 4 775 625 2.5  1.580 1.597 

22 4 325 275 2.5  0.956 0.931 

23 2 775 275 1.5  1.119 1.088 

24 4 325 625 1.5  0.977 0.952 

25 3 550 450 2.0  1.339 1.307 

26 1 550 450 2.0  1.051 1.020 

27 3 550 450 1.0  1.097 1.087 

28 2 325 275 2.5  0.751 0.725 

29 4 325 275 1.5  0.659 0.674 

30 2 775 275 2.5  1.238 1.274 

 

2.5 Photocatalytic decolorization of MB dye 

 

The photocatalytic activity of the synthesized AgNPs was measured by comparing the absorbance of MB dye under solar light 

before and after its degradation. MB dye degradation was assessed by optimizing three parameters, reaction time (60-300 min), catalyst 

volume (1-10 mL), and dye concentration (2-10 mgL-1). Different volumes of AgNP catalysts were combined with varying 

concentrations of MB (20 mL). The final volume of the mixture solutions was made up to 30 mL with DI water [31]. Investigations 

were conducted at a pH of 5.6, which is the normal acidity for dissolution of the desired molecules in DI water [32]. The mixtures were 

shaken at 150 rpm in the dark for 30 min to obtain adsorption/desorption equilibria [33]. These reactions were conducted from 11:00 

AM to 1:00 PM for various time intervals [34]. The percent degradation was determined by measuring the absorbance of an aliquot (6 

mL) of each run that was centrifuged at 9000 rpm for 5 min [35]. UV-Vis absorbance at 664 nm was employed to determine the MB 

concentration. The degradation performance of the catalysts was assessed following Eq. (2). 

 

𝑑𝑦𝑒 𝑑𝑒𝑔𝑟𝑎𝑑𝑎𝑡𝑖𝑜𝑛 (%) =
𝐶0−𝐶

𝐶0
 ×  100                                                                                                                               (2) 

 

MB dye concentrations at the initial and final times are represented by C0 and C, respectively [36]. This process degradation 

efficiency is highly sensitive to several operating parameters. Three parameters were selected for their effect on MB dye degradation, 

dye concentration (A), catalyst volume (B), and reaction time (C). These parameters were considered independent variables and were 

assessed using experimental design and statistical analysis [32] through their impact on the response function (Y, defined as the percent 

of MB degradation). The coded variables, experimental values, and levels are presented in Table 3. This experiment optimized a process 

through 20 runs (Table 4). Equation 3 shows a second-order polynomial that models MB degradation. 

 

𝑌 =  𝛽0 + 𝛽1𝐴 + 𝛽2𝐵 + 𝛽3𝐶 + 𝛽12𝐴𝐵 + 𝛽13𝐴𝐶 + 𝛽23𝐵𝐶 + 𝛽11𝐴2 + 𝛽22𝐵2 + 𝛽33𝐶2                                                                       (3) 

 

Y is the response function. 𝛽0 is the regression coefficient and 𝛽1, 𝛽2, and 𝛽3 are the linear coefficients. Interaction and quadratic 

coefficients are denoted by 𝛽12, 𝛽13, and  𝛽23, as well as 𝛽11, 𝛽22, and 𝛽33, respectively. The effects of the experimental variables on 

the response, both individually and in combination, are presented as 3D surface plots of the response and Equation 3. The quality and 

significance of the fitted model were determined using the F-test and the R2 correlation coefficient. The model prediction was validated 

by comparison between the observed and predicted values of the photocatalytic degradation of MB dye [26, 27, 29]. 

 

Table 3 Experimental values and levels of independent variables for degradation of MB dye 

 

Independent variable Factors Coded levels 

-α -1 0 1 +α 

Dye concentration (mgL-1) A 2.00 3.62 6.00 8.38 10.00 

Catalyst volume (mL) B 1.00 2.82 5.50 8.18 10.00 

Reaction time (min) C 60.00 108.65 180.00 251.35 300.00 
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Table 4 Runs of the experiment on CCD for the photocatalytic degradation of MB dye 

 

Run 
Independent variable  MB degradation (%) 

A B C  Predicted Actual 

1 6.00 5.50 180.00  65.33 64.22 

2 3.62 2.82 251.35  75.15 74.29 

3 6.00 5.50 180.00  65.33 63.66 

4 6.00 5.50 60.00  49.51 52.00 

5 10.00 5.50 180.00  55.89 54.03 

6 6.00 5.50 180.00  65.33 66.17 

7 6.00 5.50 180.00  65.33 67.29 

8 8.38 8.18 251.35  68.48 71.34 

9 3.62 8.18 108.65  73.13 72.33 

10 8.38 2.82 251.35  72.72 72.74 

11 8.38 2.82 108.65  46.37 45.90 

12 6.00 5.50 300.00  74.65 73.26 

13 2.00 5.50 180.00  72.74 75.70 

14 8.38 8.18 108.65  55.53 55.61 

15 3.62 2.82 108.65  58.21 54.57 

16 3.62 8.18 251.35  76.69 76.38 

17 6.00 10.00 180.00  75.38 73.91 

18 6.00 5.50 180.00  65.33 64.12 

19 6.00 5.50 180.00  65.33 66.36 

20 6.00 1.00 180.00  66.39 68.97 

 

2.6 Kinetics study 

 
Kinetic studies were performed under the optimum conditions for the photodegradation of MB dye using a catalyst volume of 8.20 

mL and 3.64 mgL-1 of MB dye at different times (at pH 5.6). The solutions were agitated at 150 rpm in the dark for 30 min to reach an 

adsorption/desorption equilibrium. The reactions were done in daylight from 11:00 AM to 1:00 PM [34]. Experimental solutions were 

centrifuged at 9,000 rpm for 5 min [35]. The dye concentration change was determined by measuring MB dye absorbance at 664 nm 

under UV-Vis. Dye degradation kinetics were studied using pseudo-first-order and pseudo-second-order models. 

 

2.7 Data analysis 

 

Experimental designs and statistical analysis of the data were conducted using Design-Expert Version 13 (trial version). All 

experiments were performed with three replicates. The impacts of the different variables on the synthesis of AgNPs and 

photodegradation of MB were analyzed. 3D surface plots were developed. Analysis of variance (ANOVA) showed the significance of 

the variables. A regression model was developed and a coefficient of determination (R2) presented. The fit quality and F-test were used 

to determine the statistical significance of the regression model. 

 

3. Results and discussion 

 

3.1 Green synthesis and optimization of AgNPs using Mimosa pudica L. by RSM 

 

3.1.1 Statistical analysis for optimization of green synthesized AgNPs 

 
ANOVA was performed to determine the correlation between the independent and response variables. The provided results include 

a Coefficient of Variation (C.V.), standard deviation (Std. Dev.), lack-of-fit, adequate precision, p-value, and F-value. Table 2 displays 

the CCD-based experimental results for green synthesis of AgNPs. Equation (4), which utilizes a second-order polynomial, shows the 

relationship between the parameters and the response to produce AgNPs. The predicted absorbance value for the synthesis of AgNPs 

is denoted by Y. This equation is most significantly influenced by the following order of equation coefficients: B (extract volume) > C 

(microwave power) > D (reaction time) > A (AgNO3 concentration). The positive signs of these parameters indicate increased 

absorbance values for AgNP synthesis [29, 37]. 

 

𝑌   =  1.31 +  0.0741𝐴 +  0.2965𝐵 +  0.1366𝐶 +  0.0754𝐷 +  0.0020𝐴𝐵 −  0.0400𝐴𝐶 −  0.0090𝐴𝐷 −  0.0067𝐵𝐶 −
 0.0267𝐵𝐷 −  0.0355𝐶𝐷 −  0.0344𝐴² −  0.0735𝐵² −  0.0510𝐶² −  0.0173𝐷²                                                                                    

(4) 

 
The models have excellent repeatability with low p-values and high F-values in Table 5. A model F-value of 83.20 for the synthesis 

of AgNPs indicates significance. All model terms are significant at p<0.0001. A C.V. value less than 10, indicates repeatability. In 

these experiments, the C.V. is 4.42, so the model is repeatable [38]. The lack-of-fit p-value is 0.6424, which is insignificant. Adequate 

precision (or signal-to-noise ratio) shows a value greater than 4 is preferable. This model has sufficient signal [29]. A suggested model 

for AgNP production using Mimosa pudica L. leaf extracts was developed using the experimental results, with values of R2 and 

predicted R2 within acceptable limits. R2 (0.9873), adjusted R2 (0.9754), and predicted R2 (0.9479) indicate the model fit experimental 

data. There is good agreement between predicted and experimental values. ANOVA also showed a significant F-value and a p-value. 

Lack-of-fit was insignificant, with a high R2 and low C.V. These statistics indicate the high validity of the model in predicting the 

quantity of AgNPs. The high R2, adjusted R2, and predicted R2 values indicate a good fit between experimental and predicted data. 
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Table 5 Analysis of variance (ANOVA) for the synthesis of AgNPs 

 

Source SS df MS F-Value p-Value Remark 

Model 3.090 14 0.221 83.20 < 0.0001 Significant 

A 0.132 1 0.132 49.72 < 0.0001  

B 2.110 1 2.110 795.57 < 0.0001  

C 0.448 1 0.448 168.84 < 0.0001  

D 0.136 1 0.136 51.38 < 0.0001  

AB 0.000 1 0.000 0.02 0.8813  

AC 0.026 1 0.026 9.64 0.0073  

AD 0.001 1 0.001 0.49 0.4932  

BC 0.001 1 0.001 0.27 0.6127  

BD 0.011 1 0.011 4.29 0.0561  

CD 0.020 1 0.020 7.62 0.0146  

A² 0.033 1 0.033 12.27 0.0032  

B² 0.148 1 0.148 55.87 < 0.0001  

C² 0.071 1 0.071 26.89 0.0001  

D² 0.008 1 0.008 3.08 0.0995  

Residual 0.040 15 0.003 
  

 

Lack of Fit 0.025 10 0.002 0.80 0.6424 Not significant 

Pure Error 0.015 5 0.003    

Cor Total 3.130 29 
 

   

SS: sum of squares; df: degrees of freedom; MS: mean square; F: frequency; p: probability; R2, 0.9873; Pred. R2, 0.9479; Adj. R2, 0.9754; Adequate 

Precision, 32.5693; C.V., 4.42%. 
 

The coefficients suggest that these parameters positively affect the green synthesis of AgNPs. In Table 5, based on their p-values, 

the terms A, B, C, D, AC, CB, A2, B2, and C2 are significant. The terms, AB, AD, BC, BD, and D2, are insignificant. The corresponding 

F-values indicated that the extract volume (B) had the greatest impact, followed by microwave power (C), reaction time (D), and 

AgNO3 concentration (A). Figure 1 displays a plot of the predicted versus actual response values. The high R2 value, 0.9873, shows 

that the actual and predicted values are very close [27]. 
 

 
 

Figure 1 Predicted vs. actual values for synthesis of AgNPs using Mimosa pudica L. leaf extract 

 

3.1.2 Interaction of parameters for the synthesis of AgNPs 

 

3D response surface plots show the relationships between factors and their effects on the response surface. The designs for the 

response surface analysis of the absorbance values of AgNP production are shown in Figure 2. 

Figure 2(a) shows that the synthesis of AgNPs increases with greater AgNO3 concentrations and extract volumes. The relationship 

between AgNO3 concentration and microwave power is depicted in Figure 2(b), showing a positive correlation between increased 

AgNO3 concentration and microwave power, which results in enhanced synthesis of AgNPs. Figure 2(c) illustrates the relationship 

between AgNO3 concentration and reaction time, showing a positive correlation between these two factors, indicating enhanced 

synthesis. Figure 2(d) shows the relationship between microwave power and extract volume. The synthesis of AgNPs increases with 

higher microwave power and greater extract volume. Figure 2(e) presents the relationship between extract volume and reaction time, 

indicating a positive correlation between increased extract volume and reaction time, resulting in enhanced synthesis of AgNPs.     

Figure 2(f) shows the relationship between microwave power and reaction time, suggesting a positive correlation between increased 

microwave power and longer reaction time, resulting in improved synthesis of AgNPs. 

The concentration of AgNO3, extract volume, microwave power, and reaction time have significant effects on the synthesis of 

AgNPs. This is also demonstrated in experiments using aloe vera extract [39]. The absorbance intensity with the AgNO3 concentration, 

showed nanoparticle growth [33]. The absorbance value can be elevated by increasing the volume of plant extract [34, 35]. 
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Biomolecules act as reducing agents and coat nanoparticle surfaces when a larger extract volume is used, preventing aggregation and 

enhancing their stability [40]. Increased microwave power corresponds to more input energy, which enhances the rate at which silver 

ions are reduced to AgNPs [41]. The intensity of the absorption increases with time [42]. A good SPR band was observed as the reaction 

time increased because a significant amount of Ag+ ions was transformed to Ag0 [18]. 

 

 
 

Figure 2 3D response surface plot of the effect of AgNO3 concentration and extract volume (a), AgNO3 concentration and microwave 

power (b), AgNO3 concentration and reaction time (c), extract volume and microwave power (d), extract volume and reaction time (e), 

and microwave power and reaction time (f) for synthesis of AgNPs 

 

(a) (b) 

(c) (d) 

(e) (f) 



Engineering and Applied Science Research 2025;52(2)                                                                                                                                                  165 

3.1.3 Model validation 

 

Experiments at the optimal conditions were run in triplicate to verify the precision and reliability of the applied CCD of the RSM, 

yielding a desirability value of 1.000 [43]. This reflects that the experimental conditions and model are favorable. Optimal values for 

the AgNO3 concentration, extract volume, microwave power, and reaction time were 3.06 mM, 732 µL, 616 W, and 2.35 min, 

respectively. The optimized ramps are displayed in Figure 3. Under optimal conditions, the observed and expected values of AgNP 

absorbance at 664 nm were 1.558 and 1.584, respectively. The predicted and actual values were similar. This suggests that the applied 

model is correct and can be a useful tool to optimize AgNP synthesis [27, 29]. 

 

 
 

Figure 3 Optimized ramps for the synthesized AgNPs using RSM based on CCD 

 

3.1.4 Proposed mechanism of AgNP formation using Mimosa pudica L. leaf extract 

 

A proposed mechanism for synthesizing AgNPs using Mimosa pudica L. leaf extract is shown in Figure 4. The extract is rich in 

phytochemicals like flavonoids, polyphenols, tannins, and alkaloids [44]. Mimosine concentration was found using reverse-phase 

HPTLC [20]. Leaf extract alkaloids are reduced with silver ions (Ag+) through hydroxyl (-OH) groups. Mimosine functions as a 

reducing and stabilizing scaffold for converting Ag+ to Ag0. This bioreduction [14] relies on the tautomeric transformation from an 

enol to keto form. During activation (Ag+ reduction), nucleation and growth steps lead to the formation of particular-sized AgNPs. 

Finally, plant metabolites function as surface-capping agents, protecting the nanoparticles from agglomeration [18]. 

 

 
 

Figure 4 Proposed mechanism of AgNP formation using Mimosa pudica L. leaf extract 

 

3.2 AgNP Characterization 

 

3.2.1 UV-Vis and DRS analysis 

 

UV-Vis can be used to confirm that metal nanoparticles have formed in aqueous solutions. The type of transition is electronic, from 

the valence to conduction bands. AgNP dispersions have strong colors owing to plasmon resonance absorption. Electron vibration 

modes are dependent on particle size and shape. They are responsible for characteristic absorption spectra in the UV-Vis region [45]. 

UV-Vis (300-800 nm) was used to monitor AgNP production. When an AgNO3 solution was mixed with Mimosa pudica L. leaf extract, 



166                                                                                                                                                  Engineering and Applied Science Research 2025;52(2) 

and the resulting solutions were microwave heated, their color changed from yellow to brownish (Figure 5(a)). Synthesized AgNPs 

display a peak at 428 nm due to the formation of silver crystals, while neither AgNO3 nor leaf extract had any peaks in the visible 

range. Ag+ was reduced to Ag0 by biomolecules in leaf extract and capped AgNPs [46]. 

     Light absorption and its features were employed in the DRS technique to characterize AgNPs. The absorption edge for AgNPs was 

around 428 nm with a bandgap of about 2.34 eV (Figure 5(b)). This indicated that synthesized AgNPs were capable of absorbing visible 

light. Researchers derived sensitive AgNPs with green synthesis under visible light and used them for photocatalytic degradation [47]. 

Their low bandgap led to efficiently generating electron-hole pairs under visible light irradiation, resulting in high photocatalytic 

performance [47]. The bandgap energies of AgNPs from Mimosa pudica L. were comparable to those of Plantago lanceolata [48]. 

 

 
 

Figure 5 UV-Vis spectra of AgNO3, the extract of Mimosa pudica L., and AgNPs (a), and DRS analysis of AgNPs (b) 

 

3.2.2 XRD analysis 

 

Figure 6(a) shows the XRD analysis of AgNPs derived from Mimosa pudica L. leaf extract. The characteristic peaks of the 

diffraction pattern correspond to 2θ values of 28.03°, 32.34°, 38.36°, 44.66°, 46.24°, 54.94°, 57.36°, 64.80° and 77.25°. Peaks at 38.36°, 

44.66°, 64.80° and 77.25° correspond to the (111), (200), (220) and (311) crystal planes of face-centered cubic (FCC) metallic silver 

(JCPDS card No. 04-0783). A second series had additional peaks at 28.03°, 32.34°, 46.24° and 54.94° that are indexed to the (210), 

(122), (231) and (142) planes of Ag2O3 [49]. Mixed Ag/Ag2O3 phase formation due to synthesis conditions is induced under high 

partial oxygen pressure at temperatures >400 °C [49]. As in [50], reactive oxygen species and biomolecules can cause partial oxidation 

of Ag to Ag2O3 in green synthesis, leading to better photocatalytic activity by improved electron-hole pair formation at the metal oxide 

interface [49, 51]. This synergistic effect benefits methylene blue degradation, as metallic Ag acts as an electron trap, and Ag2O3 

produces electron-hole pairs under visible light, thus reducing the recombination rate [52, 53]. 

 

3.2.3 FTIR analysis 

 

FTIR analysis was employed to identify the functional groups responsible for AgNP reduction and stabilization. FTIR spectra of 

Mimosa pudica L. leaf powder show characteristic bands at 3289, 2917, 2852, 1731, 1606, and 1437 cm-1 in Figure 6(b). C-H stretching 

vibrations in aromatic structures are represented by bands at 2917 and 2852 cm-1. O-H stretching vibrations of phenolic compounds 

give rise to the broad band at 3289 cm-1. C=C stretching of aromatic rings presents peaks at 1731 and 1606 cm-1, C-O stretching of 

polyphenols shows a peak at 1437 cm-1 [54, 55]. Peak shifts from 3289 cm-1 to 3340 cm-1 and 1606 cm-1 to 1634 cm-1 occur after 

AgNPs have formed, indicating the participation of hydroxyl and phenolic groups in the reduction and stabilization of Ag+. Both 

reducing and capping agents of biomolecules from Mimosa pudica L. extract were previously reported [56]. Such capabilities arise 

from the high phytochemical content of alkaloids, polyphenols, tannins and flavonoids in extracts [44]. These hydroxyl groups donate 

electrons for Ag+ to Ag0 reduction, and their aromatic nature provides surface adsorption stabilization [57, 58]. 

 

3.2.4 EDX analysis 

 

Elemental composition and purity of the synthesized AgNPs were determined using EDX spectroscopy. The EDX spectrum  

(Figure 6(c)), shows peaks of silver (Ag), oxygen (O), carbon (C), silicon (Si), sulfur (S) and copper (Cu). Successful formation of 

AgNPs is confirmed by prominent Ag peaks [59]. Silver oxide phases found in XRD analysis are supported by oxygen signals. Plant-

extract organic compounds in the form of capping and stabilizing agents are represented by carbon and oxygen peaks [60]. Sulfur-

containing biomolecules from Mimosa pudica L. stabilized AgNPs form via sulfur-silver interactions. The sample preparation grid [61] 

emits copper signals, while silicon is a trace element in the plant extract [62]. 

 

3.2.5 TEM analysis 

 

The morphology and size distribution of AgNPs were investigated using transmission electron microscopy (TEM). TEM 

micrographs of partially spherical particles show monodispersity (Figure 7(a)). Their crystal nature was confirmed using high-

resolution lattice fringes with an interplanar spacing (d) of 0.27 nm, which matched that of the (111) plane of the face-centered cubic 

(FCC) silver structure in Figure 7(b) [63, 64]. Their average diameter was 7.39±2.37 nm determined using ImageJ analysis (Figure 7c). 

Mimosa pudica L. extract controlled particle growth by the action of capping biomolecules [65]. Increased surface area for catalytic 

reactions, small size, and uniform distribution were provided [66]. Plant extract with optimized synthesis typically yields spherical 

morphology and small particle sizes. Phytochemicals can shape and control particle size demonstrating their capability to modulate 

nucleation and growth [67, 68]. 

(a) (b) 
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Figure 6 XRD of AgNPs (a), FTIR spectra of AgNPs and Mimosa pudica L. leaf powder (b), and EDX of AgNPs (c) 

 

 
 

Figure 7 TEM imagery analyzed at 20 nm (a), and 5 nm (b), particle diameter distribution histogram of AgNPs (c) 

 

3.3 Photocatalytic decolorization of MB dye 

 

3.3.1 Optimization for photocatalytic degradation of MB dye 

 

Table 4 shows experimental results from 20 runs executed under different conditions. ANOVA was performed to identify 

interactions of the factors and the individual factor significance. Equation (5) predicts MB degradation, while Table 6 shows ANOVA 

results that indicate the influence of quadratic terms on experimental responses. The primary influential parameters were C (reaction 

time), A (dye concentration), and B (catalyst volume), in descending order. The positive signs of C and B indicate increased MB 

degradation. Parameter A is negative, so MB degradation decreases with increasing A [29, 38]. 

 

𝑌 =  65.33 − 5.01𝐴 + 2.67𝐵 + 7.48𝐶 − 1.44𝐴𝐵 + 2.35𝐴𝐶 − 3.35𝐵𝐶 − 0.3606𝐴2 + 1.96𝐵2 − 1.15𝐶2                   (5) 

 

The predicted response is denoted as Y. A, B, and C represent dye concentration, catalyst volume, and reaction time, respectively. 

Individual variables expressed antagonistic or synergistic effects indicated by their respective negative and positive symbols [29, 69]. 

The p-values in Table 6 indicate the impact of model terms on MB degradation as follows: C > A > B > BC > B2 > AC > C2 > AB > 

A2. These results yield a high F-value (25.20) and a low p-value (<0.0001) for the model. Some model parameters (A, B, C, AC, BC, 

and B2) are statistically significant [26, 27, 29]. The p-values of model terms AB, A2, and C2 are greater than 0.05, and therefore are 

not statistically significant. Additionally, the lack-of-fit can be used to show model significance. The selected regression model was 

significant, as shown by the non-significant lack-of-fit, p=0.0572 and F=4.71. Furthermore, model accuracy was confirmed with a low 

(a) (b) 

(c) 
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coefficient of variation (C.V.), 3.84%. According to these results, a signal-to-noise ratio of 17.0208 is acceptable [29]. The fit of the 

model was also verified using the coefficient of determination (R2). The predicted R2 (0.7221) and adjusted R2 (0.9198) values of the 

models are statistically significant. Figure 8(a) shows a positive correlation (R2=0.9578) between the parameters and response (MB 

degradation, %) according to Equation (5). Figure 8(a) presents an RSM model-generated depiction of the experimental and predicted 

values of the MB degradation. The percentage of MB degradation shows a satisfactory fit [29]. 

 

Table 6 ANOVA for photocatalytic degradation of MB dye 

 

Source SS df MS F-Value p-Value Remark 

Model 1438.47 9 159.83 25.20 <0.0001 significant 

A 342.74 1 342.74 54.03 <0.0001  

B 97.46 1 97.46 15.36 0.0029  

C 763.13 1 763.13 120.31 <0.0001  

AB 16.63 1 16.63 2.62 0.1365  

AC 44.21 1 44.21 6.97 0.0247  

BC 89.62 1 89.62 14.13 0.0037  

A² 1.87 1 1.87 0.2955 0.5986  

B² 55.56 1 55.56 8.76 0.0143  

C² 19.09 1 19.09 3.01 0.1134  

Residual 63.43 10 6.34 
  

 

Lack of Fit 52.32 5 10.46 4.71 0.0572 not significant 

Pure Error 11.12 5 2.22 
  

 

Cor Total 1501.90 19 
   

 

SS: sum of squares; df: degrees of freedom; MS: mean square; F: frequency; p: probability; R2=0.9578; Pred. R2=0.7221; Adj. R2=0.9198; Adequate 

Precision=17.0208; C.V.=3.84%. 
 

 
 

Figure 8 Predicted vs. actual data for degradation efficiency of MB dye (a), 3D plots of interaction between dye concentration and 

catalyst volume (b), 3D plots of interaction between dye concentration and reaction time (c), and 3D plots of interaction between 

catalyst volume and reaction time (d) for the photocatalytic degradation of MB dye 

 

3.3.2 Influences of factors and their interaction on MB dye degradation 

 

As illustrated in Figure 8(b), the degradation of MB dye in an aqueous solution is affected by the concentration of dye and the 

volume of catalyst. With a greater AgNP catalyst volume, MB degradation increases owing to solar light penetration, along with an 

increased number of active sites on AgNP surfaces. Increasing the photocatalyst volume of AgNPs to absorb more photons results in 

a greater number of active radicals (oxygen and hydroxyl radicals), resulting in higher degradation. At greater dye concentrations, 

(a) (b) 

(c) (d) 
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photocatalytic degradation declines and more dye molecules reside on catalyst surfaces. Active sites become occupied, resulting in less 

hydroxyl radical generation, shortening the mean free path of light in the solution [27]. 

The effect of dye concentration and reaction time on MB degradation is shown in Figure 8(c). AgNPs are excited from the 4d to 

the 5sp orbital upon UV irradiation from sunlight, resulting in photogenerated electrons for oxidation of MB. These electrons transform 

oxygen molecules and hydroxyl ions into superoxide radical anions and hydroxyl radicals, respectively. The radicals oxidize MB dye 

and, in turn, create holes in the d-orbital of AgNPs. These generated holes subsequently decay MB further by capturing electrons from 

MB dye molecules adsorbed on the AgNP surfaces [70]. The surface of the AgNP photocatalyst is exposed longer to the solar light as 

the process continues. An increased number of hydroxyl radicals are produced that degrade a greater amount of MB [71]. When the 

dye concentration is high, the efficiency of MB dye degradation decreases, likely due to insufficient active sites. More dye molecules 

adsorbed on the catalyst surface with dye in higher concentrations necessitate more reactive species for degradation. Superoxide radical 

anions and hydroxyl radical production on the catalyst surface are constant with a set catalyst dose and reaction time. Consequently, 

there are insufficient hydroxyl radicals to break down dye at higher concentrations. Absorption of photons by MB dye also diminishes 

the generation of hydroxyl radicals on the catalyst surface. Increased dye degradation is related to greater irradiation intensity. At lower 

dye concentrations, light penetration at greater depth allows degradation at longer distances from the light source. At higher 

concentrations, degradation slows at longer distances from the light source due to reduced light penetration [27]. 

The effect of reaction time and catalyst volume on MB dye degradation is shown in Figure 8(d). Degradation efficiency increases 

as reactors operate for extended periods and with higher catalyst volumes. An increase in these parameters improves the degradation 

efficiency [27]. With longer treatment times, more of the AgNP photocatalyst surface is exposed to solar light, therefore creating more 

hydroxyl radicals that can photodegrade larger amounts of MB. As sample loading was increased, photocatalytic activity slowed [71]. 

The optimal conditions for MB degradation were a catalyst volume of 8.20 mL, reaction time of 231 min, and an MB concentration 

of 3.64 mgL-1. Experimental and predicted values for MB degradation were 79.07 and 76.66%, respectively. Moreover, the model 

predictions for photocatalytic degradation of MB dye were further validated by comparison with experimental values. The synthesized 

AgNPs could better photodegrade MB dye [72] compared to other systems reported in the literature (Table 7). 

 

Table 7 Comparison of the photocatalytic activity of synthesized AgNPs and catalysts from the literature 

 
Catalyst Dyes Variables Time (min) Degradation (%) References 

AgNPs OG Dosage: 0.05 g 

Volume: 100 mL 

Dye: 15 mgL-1 

180 70.61% [73] 

AgNPs CV, CBB Dosage: 50 mg 

Volume: 100 mL 

Dye : N/A 

180 87.00% 

74.00%  

[74] 

AgNPs CR, CB, CV Dosage: 10 mg 

Volume: N/A 

Dye: N/A 

1,440 >95.00% 

90.00% 

>90.00% 

[75] 

AgNPs MB Dosage: 10 mg 

Volume: 200 mL 

Dye: 1mg/100 mL 

150 98.84% [76] 

AgNPs MB Dose: 8.2 mL 

Volume: 30 mL 

Dye: 3.64 mgL-1 

231 79.07% This study 

  

 
 

Figure 9 Kinetic plots of pseudo-first-order (a), and pseudo-second-order (b) models 

 

3.3.3 Kinetics study 

 

Investigation of kinetics involved pseudo-first-order and pseudo-second-order models, as depicted in Figure 9 [77, 78]. Data were 

fit well using the pseudo-second-order kinetic model, indicated by its higher regression coefficient (R2=0.9990) opposed to a pseudo-

first-order kinetic model (R2=0.7323). Additionally, the rate constant (k) estimated for the pseudo-second-order model is 0.0929 mg-1 

L min-1. [77] reported that a pseudo-second-order kinetic model implies that the adsorption process is governed by chemical reactions 

and not physical processes. The k and R2 values of the pseudo-first and pseudo-second-order models are shown in Table 8. 

 

 

(a) (b) 
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Table 8 Data on the kinetic models of photocatalytic degradation of MB dye 

 

Model Equation Rate constant, k R2 values 

Pseudo-first-order ln(𝐶/𝐶0) = −𝑘1t             0.0030 min-1 0.7323 

Pseudo-second-order 
𝑡

𝐶
=

𝑡

𝐶0
−

1

𝑘2𝐶0
2    0.0929 mg-1 L min-1 0.9990 

 

𝐶0 represents the initial concentration of the dye, while 𝐶 denotes the final concentration. The parameters t, k1, and k2 represent 

time, the rate constant of pseudo-first-order, and the rate constant of pseudo-second-order models, respectively. 

 

3.3.4 Proposed mechanism of photocatalytic degradation of MB dye 

 

Synthesized AgNPs were used for methylene blue (MB) degradation under solar light irradiation. The semiconductor behavior of 

green-synthesized AgNPs using Mimosa pudica L. leaf extract as a stabilizing agent was shown with a 2.34 eV band gap derived from 

a Tauc plot (Figure (5b)). This bandgap predicts photocatalysis by direct light-to-energy conversion of solutes through semiconductor 

charge carriers, potentially for photooxidation-based organic water pollutant removal [79]. Solar light-irradiated AgNPs function as 

nanocatalysts for MB photocatalytic degradation (Figure 10). Their (positive holes, h+, and conduction electrons, e-) are generated by 

electrons excited from the valence band (VB) to the conduction band (CB) at or above the energy required for solar excitation (bandgap 

energy) [80, 81]. MB is broken down by these CB electrons, which react with oxygen to form superoxide radical anions, and by VB 

holes, which react with water molecules to produce hydroxyl radicals [15]. 

 

 
 

Figure 10 Proposed mechanism of photocatalytic degradation of MB dye 

 

4. Conclusions 

 

Mimosa pudica L. leaf extract was used for green synthesis of AgNPs and successfully optimized. Applying RSM based on CCD 

is useful for modeling and optimizing AgNP synthesis. Analysis of variance of the regression model suggests that the model well fitted 

the experimental data, which was supported by a strong correlation coefficient (R2=0.9873). The presence of polyphenols and 

flavonoids in Mimosa pudica L. leaf extract was confirmed with FTIR analysis. They served as effective capping and reducing agents 

in the synthesis process. AgNPs were demonstrated as nanoparticles with uniform spherical morphology and an average diameter of 

7.39±2.37 nm in a TEM investigation. Elemental composition of the AgNPs was done by EDX analysis showing a significant peak for 

silver absorption, verifying successful AgNP synthesis. XRD analysis confirmed the FCC crystalline structure of AgNPs, which 

improved photocatalytic activity. The photodegradation of methylene blue dye was done by the synthesized AgNPs under solar light 

irradiation, which was successfully optimized using RSM based on CCD. The high correlation coefficient (R2=0.9578) indicated an 

excellent fit of the regression model to the experimental data. A very high percentage of degradation, 79.07%, was achieved under 

optimal conditions. From kinetic studies, the degradation followed pseudo-second-order kinetics, revealing that the process was 

dependent upon chemical reactions, not physical adsorption. A successful application of green synthesis combined with statistical 

optimization techniques for production of photocatalytically active AgNPs for use in environmental remediation is demonstrated in 

this study. 
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